
 
 
 
 
 
 
 

EXHIBIT A 



 

 
 

MEMORANDUM 
 
 

2001 NW 19th Avenue, Suite 200, Portland OR 97209 
WWW.MAULFOSTER.COM 
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To: Mr. Keith Johnson, NWR Cleanup Manager 
 Mr. Dana Bayuk, DEQ Project Manager 
   Date: June 10, 2015 
From: James G.D. Peale, RG Project:  8128.01.20 

 

Re:  Source Area CVOC Reduction Progress Report—Siltronic (ECSI 183)  

The following is a progress update for the in situ chemical reduction (ISCR) enhanced 
bioremediation (EIB) at the Siltronic site, as it relates to active chlorinated volatile organic 
compound (CVOC) remediation in the source area. The objective of  this document is provide a 
brief  technical summary for communications between and among the members of  the DEQ 
Northwest Region Cleanup and Site Assessment Section Team. 

In summary, the analysis of  monitoring results confirm: 

• Successful attainment of  the remedial action objective (RAO) at all of  the source area 
monitoring wells 

• Trichloroethene (TCE) mass reduction of  99.88 percent and an overall CVOC mass 
reduction of  93.93 percent  

• Sustained attainment of  the USEPA maximum contaminant level for TCE in all but two of  
the monitoring wells 

The ISCR-EIB pilot study injection program was completed in 2006, with subsequent monitoring in 
four wells. Larger-scale ISCR-EIB injections began in January 2009 and were completed in June 
2009. Source area monitoring included an additional 20 wells from November 2008 through the 
present. Supplemental injections, upgradient of  the 2009 injections, were completed in 2011, with 
monitoring continuing in four more wells.  

This report reviews the analysis of  the monitoring data and presents the conclusions related to the 
ongoing performance of  EIB, including mass removal estimates and performance toward achieving 
the RAO (i.e., TCE concentrations below 11,000 micrograms per liter [ug/L]). The information 
herein will also be incorporated into the revised remedial investigation report in order to more 
accurately reflect site CVOC conditions, which have improved significantly since 2007.  
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Table 1—Mass Removal Statistics. Mass reduction was calculated using the most recent data values 
compared to the initial (TCE) or subsequent maximum data values. 

 
Sum CVOCs TCE cDCE VC 

Initial or Max Estimated Mass (kg) 1763.7 345.8 1592.7 137.7 

Mass Reduction (kg) 1656.7 345.3 1511.2 112.6 
% Mass Reduction 93.93% 99.88% 94.88% 81.76% 
NOTE: 
kg = kilogram(s). 

 

 
Figure 2—Estimated Mass of TCE Equivalents from Non-Toxic Daughter Products and CVOCs 

Another view of  the data confirms the ongoing conversion of  CVOCs to ethene and chloride. 
Figure 2 shows the estimated mass for three data sets:  

1) The total estimated mass of CVOCs (TCE, cDCE, and VC)1  

                                                 
1 To account for stoichiometric generation of  daughter products, EVS-generated mass estimates of  all species were 

converted to molar data to calculate equivalent moles of  TCE as the parent material; and the equivalent moles were 
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2) The estimated mass of the terminal, nontoxic degradation products, primarily chloride but 
also ethene  

3) The sum of the first two series to demonstrate nearly complete conversion 

This figure shows that the significant reduction of  the chlorinated VOCs results in the continued 
generation of  nontoxic chloride and ethene, which currently comprise approximately 94 percent of  
the total estimated mass of  parent and daughter products. The sum of  the series fluctuates but stays 
fairly constant (between 2,500 and 3,000 kg), confirming the mass balance of  the degrading CVOCs 
vs. the stable chloride concentrations. 

PERFORMANCE RELATIVE TO RAOS 
RAO 1 for the source area is to reduce TCE concentrations in all wells to below the threshold 
indicative of  the presence of  TCE dense nonaqueous-phase liquid (DNAPL) (i.e., 11,000 ug/L in 
groundwater). Three wells were selected to evaluate the timeframe for reaching the RAO. These 
wells are described below: 

• WS-13-69 was installed immediately below the former TCE underground storage tank 
system, with sustained TCE concentrations considered indicative of  residual TCE DNAPL. 
This well was monitored following completion of  the initial injection program. All of  the 
remaining wells monitored in the source area following the initial injection program reached 
the RAO before WS-13-69. The RAO was attained in this well eight months following 
injection. 

• WS-41-91 was installed deeper than and upgradient of  WS-13-69 to monitor performance 
following the supplemental injection program in 2011. The RAO was attained in this well 
within seven months after injection. 

• WS-43-36 was installed in the fill zone and represents an area of  manufactured gas plant 
(MGP) waste DNAPL with entrained TCE DNAPL. Concentrations of  TCE in 
groundwater from this well reflect ongoing desorption of  TCE from the MGP/TCE 
DNAPL mixture, but have remained below the RAO since the end of  2013. The RAO was 
attained in this well 25 months following injection. 

The data in Table 2 confirm that ISCR-EIB was extremely effective for rapidly reducing TCE 
concentrations to levels well below the RAO, mostly within months following completion of  the 
injection programs. ISCR-EIB was also effective for achieving the RAO in spite of  the presence of  
the MGP-TCE DNAPL mixture in the well and the subsurface. In the wells not discussed in this 
memo, TCE concentrations either are non-detect or are less than 14 ug/L as of  the most recent 
monitoring event. 

                                                                                                                                                             
then converted back to estimated mass of  TCE equivalents. The sum of  TCE, cDCE, and VC as TCE equivalents 
shown on Figure 2 is therefore greater than the estimated mass of  TCE, cDCE, and VC measured in groundwater 
as shown on Figure 1. 
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Table 2—RAO Performance 

Well Date Monitoring 
Started 

Date of Max 
TCE 

Max TCE 
(ug/L) 

Date RAO 1 
Met 

Current TCE 
(ug/L) 

WS-13-69 04/13/2009 09/03/2009 122,000 12/16/2009 3.36 
WS-41-91 04/05/2011 06/20/2011 90,800 11/15/2011 2.78 
WS-43-36 04/26/2011 11/29/2011 83,800 12/03/2013 6,160 

SUMMARY 
Based on monitoring well data and the EVS-generated mass estimates, ISCR-EIB has significantly 
reduced the CVOC source area mass and continues to be effective at reducing the mass of  residual 
degradation products. Data from the individual wells confirm that ISCR-EIB was effective for 
achieving RAO 1 for this area, often within months following injection. These results demonstrate 
that the Siltronic bioremediation project is significantly reducing CVOCs as expected.  

These data confirm successful in situ remediation of  a chlorinated solvent DNAPL source at an 
active manufacturing facility, and reflect a significant and groundbreaking technical accomplishment 
on the part of  Siltronic and the DEQ technical staff. 
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